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(g) Process f6r preparing halogenated 1,3-dlQXolanes and new products obtained. 
@ A process Ibr preparing 1,3-dioxolanes of fbmiula : 
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X,. X2. X3 and X4, like or different from one another, represent F, a. Br, I, CF2OSQ2F. SO2F, C(0)F. 
H, perhaloallwl or oxyp^haloalkyl radicals containing from 1 to 5 cartion atonrts, . ^ . . . 

Xs and Xe, lice or different from each other, represent F or CF3. Said process is ch^denzed m 
that a bis(fluoroxy)perfluoroalkane Is reacted, at a temperstoe ranging from -140'C to +60 C. with a 

halogenated olefin. ^ ^ u • u-x 

New 1,3-dioxolanes of fbrmuia (I) belonging to the class defined hereinberoiB. 
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The present invention relattes to a process for preparing halogenated 1 ,3-dioxolanes and new halogenated 
1,3-dioxolanes. 

More particulariy, the present invention relates to the preparation of halogenated 1 ,3-dioxclanes having 
formula: 
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wherein: 

16 Xi, X2, X3 and X4. like or different fronn one another, represent F, Cl/Br, I, CF2OSO2F, SO2F, C(0)F, H, 

perhaloallcyi oroxyperhaioali^l radicals containhg from 1 to 5 carbon atonfis, 
Xe and X^. like or different frdnrt each other, represent F or CF3. 
According to the art. halogenated 1 ,3-dloxolanes are prepared starting from connplex reagents or using 
industrially onerous multistage processes, which provide often low ornot constant yields, as is better explained 
20 later on. 

German patent application 2,604,350 teaches the synthesis of halogenated t3-dioxolanes by fluorination 
of the corresponding ethylcarbonate with SF4+HF (or TIF4). 

Published European patent application No. 80,187 describes the synthesfe of perfluoro-1,3-dioxole and of 
its polymers via dechlorination of the conresponding 4.5-dichloro-dioxolane. prepared starting from ethylene 
25 cari)onate by photochemical chlorination with CI2 and subsequent flubrinatbn with SF^i-HF and vm Sbf^ (or 
HF) + SbCI& the yields of said last step can also be higher ^an 90% but they are not reproducible. 

The abovesaid 4,5-dichlorodioxolane is also prepared from 1,3-dioxolane by photochemical chlorination 
writh and fluorination with SbFs (or HF) + SbCIs; however, the total yield does not exceed 7%. 

U.S. patent 2,925,424 describes how to synthesize halogenated 1,3-dk)xolanes by reacting a 
30 periialoketone with a 2-haloethanoL 

In U.S. patents 3,865,845 and 3,978.030. fluorinated dioxoies and homopolymers and copolymers thereof 
are prepared by dehalogenizing dioxolanes with two vicinal halogens, prepared according to the method des- 
cribed in the above-cited U.S. patent 2,925,424. 

European patent applications Nos. 76.581 and 301 .881 describe the condensation of afiuorinated ketoes- 
35 ter with a 2-haIoettianol or an ethylene oxide in order to obtain halogenated 1,3-dioxolanes. 

U.S. patent 3,699.145 describes the photo-oxldatlon of perfluoropropene with molecular oxygen whereby 
it is possible to obtain, along with various straight periluoropolyethers, low amounts of perfluoro-4-methyI-1,3- 
dioxolane and of perfluoro-2,4-dimethyl-1,3-dioxoIane. 

In Journal of Fluorine Chemistry 12 (1978), pages 23-29. ttie reaction of bis(fluoroxy-dlfluoromethane with 
40 the Dewar hexafluorobenzene is described; it is expressly stated that, although the perfiuorocyclooiefins are 
generally not reactive towards bis(fluoroxy)difiuoromethane, in the case of the Dewar hexafluorobenzene, 
along with polymeric products, oxiranic products and products resulting from a simple fluorination of the double 
bond, there are obtained, with low yields, products having a dioxolane structure; the higher reactivity is attribut- 
able to its particular dicyclic structure, which exhibits olefinic bonds with anomalous angles. 
45 Lastly, Organic Chemistry 3 (1986), 624-6, describes the reaction of bis(fiuoroxy)difluoromethane 
(hereinafter briefly referred to as "BDM") with two particular olefins: tetrafiuoroethylene and trans-1,2-dlchlo- 
roethylene. 

When it is operated with tetrafiuoroethylene, a mixture of the olefin, diluted in a nitrogen excess, is fed to 
BDM at a temperature of -1 WC; at said temperature the reagents are in the sdid state. Alternatively, the olefin 
so and the BDM are condensed together In the reac^on vessel at -184°C. In both cases, not the corresponding 
1,3-dioxolane but the addition product of fonnula CF2(OCF2-CF3)2 is obtained. 

In the reacfion with 6rans-1,2-dichloroethyIene it is operated, according to the above-cited article, by con- 
densing the olefin with a sohrent and the BDM in the reaction vessel at a temperature of -1 84''C and then attow- 
ing the whole to stand for a few days at room temperature. Also in this case, not the conresponding 
55 1 ,3-dioxolane, but the straight compound of fbmiula CF2(OCH-CHCIF)2 is obtained. 

Thus, from the examined prior art it is apparent that up to the date of the present Invention it was not known 
to prepare 1,3-diQxolanes by direct reaction of olefins vrith bis(f!uorDx^perfiuoroalkane8, and only a limited 
number of halogenated 1,3-dtoxolanes could be prepared by means of complicated processes and with not 
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always satisfactory and reproducible yields. 

Thus, it is an object of the present invention to provide a single-stage process for preparing 1,3-dloxolanes 
of formula (I), which does not exhibit the limitations and the drawbadcs affecUng the processes of the prior art 

Another object of the present invention is to provide new halogenated 1 ,3-dioxolanes. 

Thus, an object of the present invention Is a process for preparing halogenated 1,3-dioxolanes of formula 
(I) wherein: 

Xi, Xa. Xs and Xi. like or different from one another, represent F. CI. Br, I. CF2OSO2F, SO2F, C(0)F. H, 
perhaloalkyl oroxyperhaloallcyl radicals containing from 1 to 5 carbon atoms, 

Xs and Xe. IBce or different from each other, represent F or CF3. 
characterized in that a bis(fluoroxy)perfluoroaIkane of fomiula C(OFk>^ is reacted, at a temperature ranging 
from -140** to +60''C. with a halogenated olefin of formula 0X1X2=0X3X4. Xi, X2, X3, X4f Xb and Xb being the 
same as defined hereinbefore. 

In a piefen-ed embodiment of the invention, a flow of a bis(fluoroxy)perfluoroa!Icane, preferably in the pre- 
sence of an inert diluting gas. and optionally also a gaseous or liquid stream consisting of a halogenated olefin, 
are fed into a liquid phase consisting of a halogenated olefin and of a solvent, if any, maintained at the above- 
cited reaction temperature. 

As an alternative, the halogenated olefin and the bls(fluoroxy)perfluoroall<ane are simultaneously fed into 

a vessel containing optional solvent 

At the end of the reaction time, feeding of the reagents is stopped and the reaction producte are separated 
from the solvent, if any. and from the unreacted olefin, if present, preferably by fractionated distillation. 

The reaction can be conducted also in a thoroughly continuous manner by continuously withdrawing a liquid 
phase portion from the reactor, from this phase the reaction products are separated and recovered. whOe the 
optional solvent and the unreacted olefin are recycled. 

The total pressure in the reaction environment preferably ranges from 1 to 10 kg/cm^ abs. 

Mm usually, it is operated at about the atmospheric pressure. 

The inert dfluting gas of bis(fluoroxy)perfluoroalkane when it is utilized, is selected for example lirom nitro- 
gen, argon, helium, CF4 and CaFe- 

A further embodiment of the present invention consists in a particular discontinuous process for prepanng 
halogena ted 1,3-di oxolanes of fonnula (I), wherein: 

x7. X2, X3 and X4, nice or different firom one another, represent F. a. Br, I. CF2OSO2F. SO2F, 0(0)F, H. 
perhaloalkyl 2 or oxyperhaloalkyi radicals containing from 1 to 5 carbon atoms. 

Xfi and Xe. I3ce or different from one another, represent F or CF3. 
characterized In thata bis(fluoroxy)perfiuoroalkane of fonnula C{OFky^ is reacted, at a temperature ranging 
from -140*0 to +60*0. with a halogenated olefin of fonmula 0X1X2=0X3X4. Xi. X2, X3, X4. X5 and Xe being the 
same as defined hereinbefore, on condition that at least one firom among Xi. X2, X3 and X4 Is F. 

In the discontinuous method the reagents are condensed at a temperahire not exceeding -140*0 in the 
reaction vessel, preferably along with a solvent. 

The at>ovesakl condensation is preferably conducted at a temperature of -196*0- 

The reaction vessel so charged Is usually allowed to reach the desired readton temperature and Is main- 
tained at this temperature for a time ranging from 1 hour to 24 hours. 

The reaction products are purified by vacuum distillation by causing the vapours to flow through cooled 
traps. 

It must be pointed out that the temperature at which the reagents are condensed in the reaction vessel is 
not the actual reaction temperature, but only a convenient experimental procedure for charging the reagents 
in a discontinuous and exact manner without letting them react or to minimise any reaction untfl the desired 
reaction temperature is reached. 

In the discontinuous method the pressure preferably ranges from 0.5 to 20 kg/cm* abs. 

In botii processes the reaction can be conducted in a condensed phase or In a gas phase. 

The synthesis of bis(fluoroxy)perfluoroalkanes of fonfnula: 

CF -C-(OF)^ 

' I ' 



wherein X is F or CF3, is described in JACS (1967), 2263 and in U.S. patent 3,420,866. 

Among the utilized bls{fluoroxy) perfluoroalkanes. bls(fluoroxy) difluoromethane (BDM) is paiticulariy pre- 
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ferred. 

The synthesis of BDM is described in JACS (1967), 1809-10. 

The haJogenated olefins utilized in the present invention preferably contain from 2 to 6 carbon atoms 
«^ ptefBired olefins are. for example: CFa=CFCl, CFBr=CFBr, CFj^CFBr, CF,=CH-CF, 

5 CFa^CF^O^F. CF,=CF-CF^OSOaF. CF2=CF-C(0)F. CF2=CF-CF3. CF^=CF-0-CF,-cS 

r^n^''1^mHo^T "^"'^ """^ *° « 

The solvent, when it is utBized. is preferably selected from straight and cydic fluorocarbons chlorof. 
luorocarbons. perfhioroamines and perfiuorinated ethers. 
10 Examples of suitable fiuorocarbons and chlorofluorocarbons are: perfluorocydobulane. pertluoiocyc 
lohexane. 1-cWoropentefiuoroethane. 1.1.2.trichlo«KU.2.lrifluonDethane. 1.2-dichtorotetrafluoraefhane and 
1,1,1-fnfluon}tnchloroethane. 

Ejfflmples of suitable perfluoroamines are the perfluoroaminic Ruorineft® produced by 3M Co 
« 9^no???h^ V^^^ perfiuorinated ethers are the perfluoropdyethers having a boiling point lower than 
15 250X, such as the Galden ® produced by Montefluos. 

The halogenated olefin concentration in the liquid phase generally ranges fiom 0.01 to 10 molesAiter and 
above. Le. up to the molar concentrations of the haloolefins in the pure state. 

Afijrtherobjectof the present invention are new 1.3-dioxolanes of fbmiula (I), wherein: 
Xi, X2. Xs and X4, like or different firom one another, represent F, a, Br. I. CF^OSOoF. SOJF CfO>F H 
20 perhalc^lkyl or oxype^aloallcyl radicals containing from 1 to 5 carbon atoms. Xs and X.. Ite ortfrffaiSfrom 

^ • ^^^^ oxyperhaloalkyi radical containing from 1 to 5 carbon atoms and fijrthermoie 
ftat, when one ^m among X,. X^. X3 and X, is CF„ at least one among the otherthiBe is diiferentfian F. or 

ftom -140«C to +60»C. a bis(fluora)Qr)perfluoR)alkane of formula CHOF)^ with a 
halogenateddefi„offom,ulaCX,X^X3X«.wherefbrX,.X^.Xs.X^Xsand^ 

««.hII^.?^l'^T''^°'*"" CX,X2==CX3X4 preferably cdritains at least h«o. and more pie^ 

erably at least three F atoms among the subsfituenis X,. X2. Xg and X«. 

^ Furthermore, in the starting bis(fluoroxy)perfiuoroalkane of fomiula C(.OF)^(s>^ X5 and are preferably 

r» I? '^i^ 1.3-dioxolanes can be ubiized as fluorrnated fluids, fbr ^cample as an alternative to the 
chlorofluorocaibons available on the market 
They are dso used as general anaesthetics. 

Im^^tiSrareSt tIK"'"" "^"^ ^ ^ ^ 
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40 For a better understanding of the possibilities of earring into effect the present invention, a few iHustrative 
but not limitative examples are given hereinafter. 

Example 1 

45 2,2.4,5,5-pentafluoro^fluorosulphonvi-1 .3-dioxdane (1) 

In a Pyrex glass flask having a volume of 50 tvA. equipped with a PTFE valve and connected to a vacuum 
pipe, 2.0 m.moles of distilled CFj^CF-SOzF. 2.0 m.moles of cWorotrifiuoromethane and 1.0 m.moles of bis- 
fluoroxy-dffluoromethane were condensed in succession at the temperature of liquid nitrogen. The reaction 

£0 flask was placed into a Dewarvessel containing solid CFOz and liquid nitrogen. After 16 hours, the temperature 
In the Dewarvessel was of -20«C. Now the reaction flask was furtherty cooled In liquid nitrogen, it was connected 
to the vacuum pipe and was aDowed to reach again the room temperature while firat^onatlng the vapours 
through traps cooled to -80«C. -1 lO^'C and -196*»C. The trap at-80*»C contained 0.46 m.moles of 2.2,4,S,5-pen- 
tafluoro-4-fluorosulphonyl-dioxolane identified by means of NMR and mass spectroscopy. 

55 The trap at -1 1 0*»C contained 2.1 0 m.moles of a mbdure of CPaa. of dioxolane (1) and of CF3CF2SO2F as 
detenroned by means of NMR and IR spectroscopy. 

The trap at -196X contained 1.90 m.moles of a mixture of COF2. CFCI3 and CF3CF2SO2F according to 
the IR spectrum. 
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10 



IS 



20 



25 



-1 Q^^^rS^ ^! ftBc«onated again thmugh traps n«intained at -SOX. -100»C and 

-196 C. "" the first two traps, further 0J4m.moles of dioxolane(l) were recovered. 

Chaiacterizatton of dfoxolane (1). 
NMR »F spectrum in p.p.m. relating to CFCIj = O: 

+45.6 (IF. SO^R; -54.1 and -56.7 (2F. OCF^); and -83.2 (2F. OCF^CF); -109.6 (IF CR 
Mass spectrum (electronic impact), main peaks and relevant intensities: ^' 
69 (86%); 97 (100%); 135 (4%); 163 (25%). 

Infrared spectrum, main atsorption t>and8 (cm-i): 1474. 1356, 1259, 1178. 

Example 2 

2.2.4.S.5.pentafluort>4-(dffluor(>4»uoro sulphonvloxv)methyl dioxolane ( 2 ) 
the raomtemperelure in 1 hour. The vapoure were fractionated in a vacuum oTlt^ mml^^^ 

ci;3?^ctorrt-r^^ 

CO JioJ^o? '^Z^ '"•'^'^ °^ ^^^^ '^^'i "y infrared spectrum. The trap at -196«C 

The droxDbne (2) yield defined as In example 1 was equal to 65%. *««eaDyiK spectroscopy. 

* Chaiacteifeation of dioxolana ( g ) 

NMR »F spectrum in p.p.m. relating to CFOa = O 

io^' z^;,^'^ '^P^"')' Pe^ks and relevant intensities- -''27.0 

SiS' ^i^ t^^'^^'- 97 (86%); 83 (65?) 69 (100%); 47 (62%) 

Iirfraredspectnim. mam absorption bands (cm-i): 1602. 1360, 1263. 1180. w«A"»>;.4MezA). 

Examples 

2.2,4.5.5-pentafluo ro4-fluorocart>onyl-1 .3-dioxoiane f3^ 

Into a Pyrex glass flask of 50 ml volume, equipped with a PTFE vaiv«> r mi «f cr^c . 
vacuum was created to remove thedissoK,edair.'anS2ijS^S^^^^ 

intn » n!S ^ 5''^' ''•'^^ '"^"9" condensation. The reaction flask so charged was otee^ 

?i^ flJ^r^ ' T^'"^^ '^''^'^ Afterie houre the temperaSS^S^ 

The flask was caused to reach again the room temperature in 1 hour. 

and .19^''°^,«;S^i!^S^I!^^ by means of traps maintained at-SO-C-IIO-C 

and -l9e»C. The trap at -50»C contained FC-75. the trap at -110»C contained 0 55 m moles of «^ 

fS^ ide^S t hl S^T""** l-^-n-moIesof CF3CF^(0)F along with t,i:i Of BDM. COF, anTproduct 
(3), Identified by the infrared spectrum and NMR spectrum. raanuprwiua 
The dkixolane (3) yield deToied as in example 1 was equal to 55%, 

Characterization of dioxolane (3) 

NMR »F spectrum In p.pjn. relating to CFCI3 = o 

+24.2 (IF. C(0)F): .53.1 and -58.6 (2F. OCF^O); -77.8 and 
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-68.8 (2F. OCF2CF); -118.6 (1F, CF). 
Infrared specfrum, main bands: 
1889,1256,1181. 

Example 4 

2,2,4,5,5-pentafluor(^4-trifluoromethyl-1 ,3^ioxolane (4) 

In a steel cylinder having a volume of 75 ml there were condensed, at the temperature of liquid nitrogen, 
4 m.mo!es of perfluoropropene followed by 12 m.moles of CF2Cl2(FC-12), reaction solvent, and the same was 
brought again to room temperature to favour the mixing of solvent and perfluoropropene. Then, always at the 
temperature of liquid nitrogen, further 4 m.moles of FC-12 and 2 m.nK)Ies of BDM were condensed In the cyli- 
nder, and the reactfon temperature was raised very slowly up to room temperature in a time of 24 hours. The 
content was then gathered in a trap.placed in liquid nitrogen, of a conventional vacuum pipe, and then 
measured: reaction products and solvent amounted to 20.1 n^moles. The gas-chromatographlc analysis, 
together with the weight balance, of the reaction mixture indicated a dioxolane (4) yield, defined as In exannple 
1, of 95%. i^F NMR was in accordance with the data reported in literature. 

Example 5 

2,2,4.5,S-pentafluoro-4-perfluoroethaxy-1,3-dloxolane (5) 

In a steel cylinder having a volume of 300 ml there were condensed 12.0 m.moles of peifluoroethoxy-per- 
fluoroethylene and 120 ml of CF2CI2 (FC-12), reaction solvent, at the temperature of liquid nitrogen, then the 
cylinder vi/as brought again to room temperature. In the same cylinder there were subsequently condensed 
further 5 ramoles of FC-12 and 6 mjnoles of BDM. always at the liquid nitrogen temperature, and the tenr>- 
perature in the reactor so chaiged was then gradually raised to room temperature in a time of 24 hours. The 
cylinder content was then distilled very slowly In a conventional vacuum pipe through traps maintained at tem- 
peratures of -19S«C. -120*»C, -lOO'C, -50*C; in the trap at-196*»C there was mainly recovered FC-12, in the 
trap at -120*C there were recovered 32.4 m.moles of a mixture containing 73.7% of FC-12 (GLC), 19% of 
perfluorodiethylether (GLC) and 3.4% of dioxolane (5) (GLC), in the trap at at -100«C there were recovered 
1.22 g of a mixture containing 73% (GLC) of (5). The content of said last trap was distlled again further two 
times through traps maintained at -60^C and -100*»C until (6) was obtained with a purity higher than 92%. 

The dioxolane (5) yield, defined as for example 1. was equal to 68%. The reaction products were charac- 
terized by means of gas chromatography, mass spectrometry, ^^F NMR spectrometry and IR spectrometry. 

Characterization of dioxolane (5): 

Mass spectrum (electronic impact), main peaks and relevant intensities : 163 (10%); 135(1,8%); 119 (100%); 
116 (31%); 97 (47%); 69 (50%); 69 (50%); 47 (35%). 
WF-NMR in p.p.m. from CFCI3 = O 



2-CF2: 6a « -56.17 6b = -57.43 

5-CF2: 6a = -83.36 Sb « -88,85 

4-CF: 6 = -85,51 

CF3: 6 =-87.07 

CF2: 6a = -87.99 8b = -89,34 

IR, main bands (cnr^) : 1248. 1209, 1153, 1103, 1023. 717. 
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Examples 



4>brofno-2,2,4,5,5'>pentafluoro-1 ,3-dioxolane (6) 



5 Into a multineck glass reactor equipped with: magnetic entrainment mechanical stirrer, reflux cooler, ther- 

mocouple, inner plunging pipes for introducing the reagents, and maintained at a temperahjre of -70*»C. there 
were simultaneously fed - after having introduced 75 ml of dichlorodifluoromethane - 0.75 1 of bls(fluore)xy)dif. 
luoromethane at a flowrate of 0.375 l/h diluted with (0.5 l/h) and bromotrifluoroethylene (5.4 gA) for 2 hours. 
The gas-chromatographic analysis of the rough leacKon product (column thickness 1000, fran 50*»C to 

10 200*»C, 10^C/min.) revealed that the main reaction products: bromotrifluoro-oxirane, bromopentafluoroethane. 
dioxolane (6) and 1 ,1 ,2-tribramo-1 .2,2-trifluoroethane, were present in the following ratios, respectively: 10%i 
41.8%, 46.6% and 1.6%. Then, after stripping of most of the soh^ent and of a part of the low^boHing products 
such as oxirane and bronrapentafluoroethane. said rough reaction product was distilled on a tray column, Spal- 
frohr Fisher, at atmospheric pressure. 

IS The fraction having a boiling polntrangingfrom 58*'C to 63«C was collected; It consisted of 6.6 g ofdfoxdane 



The dioxolane (6) yield, defined as In example 1 . was of 81 %. 
Characterization of dioxolane (6) 

20 

^^F NMR spectrum, in p.p.m. from CFCI3O = O: 

-55 (IF, OCF2O). -58 (IF. OCF2O); -63 (IF. CFBr), -12.2 (IF. CF2), -91 (IF. CF^). 
Mass spectrum (electronic Impact), main peate and relevant intensities: 
97 (100%), 163 (45%), 69 (38%). 47 (31%). 50 (19%). 



Example 7 

2,2.S.5-tetrafluora4-trinuoromethyt-1,3-dioxoiane (7) 

30 Inasteelcyllnderof75mlvdumetherewerecondensed,atthetenriperatureofll nitrogen, 10m.moles 
of CF2CI2 (FC-12). reaction solvent, and 3,0 m.moles of 1,1,3,3,3-pentafiuoropropene, then the cylinder was 
brought again to room temperature In order to permit the mixing of 1,1,3,3.3.penlafluoropropene and solvent 
In the same cylinder, cooled again in liquid nitrogen, there were then condensed, in the order, furthers 
m.moles of FC-12 and 1.50 m,moIes of BDM and the reaction temperatore was gradually raised to room tern- 

as perature In a time of 24 hours. The content was distilled in a conventional vacuum pipe through traps maintained 
at -80»C, .120«C. .196<'C; in the trap at -196*^0 there were recovered 15.2 m.moles of a mixture having thefbl- 
lowing composition(GLC):95.4%ofF<>12and4.3%of1.1.1,2.3,3,3-heptafluoropropane, while at.120»C^ 
were recovered 0.158 g of a mbcture having the fbHowing composition: 21.6% of FC.12. 44^%of 1,1,1 A3,3.3- 
heptafluoropropane, 25.9% of (7), and at -BO^O there were recovered 0.227 g of a mixture having composrlton: 

<o 1.7% of 1,1.1,2, 3,3,3-heptafluoropropane and 50.7% of (7). 
(7) was characterized by means of mass spectrometry. 
The calculated (7) yield was of 48%. Characterization of dioxolane; 
Mass speclTum (electronic nnpact). main peaks and relevant intensities : 1 95 (2,6%); 1 75 (12,7%)- 167 (9 4%)- 
148 (20,8%); 145 (29,9%); 129 (10,7%); 101 (22,1%); 79 (31,9%); 69 (100%); 51 (59.3%); 47 (20.1%). ' 

4$ «F NMR in p.p.m. from CFCI3 « O: 
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2-CF2: 6 = -55.59 

S-CFj: 8a = -66.41 5b = -84.33 

CF3: 6 = -76.31 complex doublet 

H^-NMR in p.p.m.from (CH3)4SI = 0: 5.03 complex signal 

IR, main bands (crrr^): 2988. 1396. 1360, 1326, 1285, 1251, 1213. 1192. 1128. 963. 895, 853, 744. 70Z 
Example 8 

4-dorD-2,2,4.5,5-pentafluoro-1,3-dioxolane (8) 

Into a glass reactor equipped with: mechanical stirrer, reflux cooler, thenmocouple, inner plunging pipes 
for introducing the iBagents. and maintained at a temperature of -75*»C, there were introduced 75 ml of 
dlchlorodtfluoromethaneand lOgofchlorotrifluoroethylene. Then 0.91 of bis(fiuoroxy)dinuoromethaneataflo. 
wrate of 0.4 1/h diluted with N2 (0.5 1/h) were fed into the reactor. 

At the end of the reaction, after having renwved by distillation the chloropentafluoroethane. most of the 
solvent and the non-reacted chlorotrffluoroethylene, 12 g of a mbcture were recovered containing 52% of 
dioxolane (8) in dichloro-difluorometano (6LC). 

By dIstiBation through cooled traps kept under vacuum, 5,2 g of dioxolane (8) were collected. 

The dioxolane (8) yield, defined as in example 1, was equal to 65%. 

Characterization of dioxolane (8) 

NMR ^^F spectrum In p.p.m. relating to CFCI3 = O 
-55 (IF, OCF2O); -58 (1F, OCF2O); -69 (IF. CFCI); -76 (IF. CFj); -91 (IF. CF2), 
Mass spectrum (electronic impact), main peaks and relevant Intensities: 
66(82%); 69(86%); 97(100%) 116(68%); 132(38%); 163(92%); 179(1%). 

Example 9 

^4-bis(trffluoromethyl)-2.4.5.5-tetrafluoro-1 .3-dioxolane (9) 

Into a multineck glass reactor of 200 ml volume equipped with: medianical stinrer, reflux cooler kept at the 
temperature of -78X, themrtocouple, inner plunging pipes for Introducing the reagents, and maintained at a 
temperature of -70*»C, there were introduced 100 ml of dichlorodifluoromethane and 20 g of perfluoropropene. 
Then, there was fed a mixture of hypofluorites containing 70% of CF3CF(OF)2. 7.3% of CF3CF2OF and 2.2% 
of CF3OF diluted with helium (5 1/h) for 3,5 hours. 

The above mbcture of hypofluorites was prepared according to the method described in Journal of Organic 
Chemistry 51,9 (1986), page 1485. i.e. feeding In acontinuous manner aflow of F2 at a flowrate of 0,5 1/h dOuted 
with helium (5 l/h) on a bed of sodium trifluoroacetate (25 g) maintained at a temperature of -40'a 

From tiie rough reaction product, after stripping of the solvent, of the non-reacted perfluoropropene and of 
the low-boiling products such us, for example, CF3CF2CF3 and CF3OCF2CF2CF3. 4,6 g of a mixture were recov- 
ered containing 72,5% of dioxolane (9) (GLC/MS). 10,7% of CF3CF20CF(CF3)2 (GLC/MS)and 16.6% of 
CF3CF2OCF2CF2CF3 (GLC/MS). 

By preparative gas-chromatography, 2,1 g of dioxolane (9) were collected. 

The dtoxolane (6) yield, defined as in example 1, was equal to 14%. 

Characterization of dioxolane (9) 

NMR 19F spectrum in p.p.m. relating to CFCI3 = O 
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rCF3=^K^ ppm . 2^F=.89.4 ppm .4-CF=-127.1 ppm «,-CF3=81.7 ppm , 6-CF2=-85^ ppm. 
IS Mass spectrum (electronic impact), main peaks and relevant intensities- 
relative: 283 (21%) ; 213(100%) ; 169(49%) ; 147(35) ; 119(82%) ; 97(68%) ; 69(66%). 

Example 10 
» pefnuoro-1.3-dioxolane (10) 

Into a rnuHlneck glass reactor equipped with: magnetic entrainment mechanical stirrer, reflux cooler ther- 
mocouple, mner plunging pipes for introducing the reagents, and maintained at a temperature of -80«c'thefB 
weresimulteneou fed - after having introduced 75 ml of FC 75 - 0.5 i of bls(fluoK»xy)difluoromethan; at a 
flowrate of 0.3 l/h diluted with (0.5 Wi) and 5.0 g of teliafluoioethylene (3.0 gfli). 

-.nn.TI'®^n!^-"T***^'**'''' ^ *® thickness 1000. from 50«C to 

r 10 C/min.) revealed that the main reaction products: peifluoro.1,3^iQxolane, peifluoioethane and 
perfluorocyclobuthane were present in the following rafios, respectively: 46%, 47% and 7%. 
The dioxolane (10) yield, defined as in example 1, was of 56%. 



Characterization (tf dtoxolane (10) 

Mass spectrum (electronic impact), main peaks and relevant Intensities- 
50(100%), 69(22%), 97(15%), 116(17%), 163(1%). 

Exanyle 11 

4.4.5.S.-tetrachl(MD-2.2-dBluoro-1.3-<liQxdanB (11) 

Into a mulfineck glass reactor of 100 ml volume equipped with: magnetic entrainment mechantoal sthBr 
'f^^^l^' *®""<>«^P'e. inner plunging pipes for introducing the reagents, and maintained at a tempeiatuie 
of -76 C. there were Introduced 75 ml of dichlorodifluoromethane and 15 g of tetrachloroethylene. Then 1.00 
I of bis(fluoroxy)difluoromethane at a flowrate of 0.3 Vb diuted with (0.5 Uh) were fed into the reactor 

Atttie end of the reaction, after having removed the solvent by distillation. 16,3 g of a mixture were recov- 
ered. The gas-chromatograhic analysis (column thickness 1 000, ftwn SO'C to 180"C) revealed that said mixture 
contained 50,3% of the dioxolane (11) and 43%of l^-dSluorotetrachloioethane. 

The dioxolane (11) yield, defined as in ecample 1, was of 74%. 

Chaiacterizatfon of dioxolane (1 1) 

«F NMR spectrum, in p.p,m. from CFasO = O: ■47(2F, OCF2O). 
Mass spectnjm (electronic impact), main peaks and relevant intensities: 
47(30%), 82(60%), 119(52%), 145(100%); 166(31%), 213(32). 
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Example 12 . 

4A5.5.-tetrachlorD-2,2-dffluoro-1.3-dioxolane (11) 

5 Into a multineck glass reactor of 350 ml volume equipped with: magnetic entrainment mechanical stirrer, 
reflux cooler, thennocouple. Inner plunging pipes for introducing the reagents, and maintained at a temperature 
of -40**C, there were Introduced 50 ml of CFCI3 and 182 g of tetrachloroethylene. Then 0.6 moles of bjs(fluo- 
iDxy)d!fluoromethane at a fiowrate of 0.8 l/h di diluted vwlh N2 (0.5 l/h) were Ted, Into the reactor. 

At the end of the reacBon, after having removed the solvent by disffllatlon. 202.4 g of a mixture were recov- 

10 ered. 

By fractionating distillation 98.3 g of dioxolane (11) and 81.1 g of CFCI2CFCI2 were collected. 
The dioxolane (11) yield, defined as in example 1 , was of 66% 



IS Claims 

1. A process for preparing halogenated 1,3-dioxolanes of fomiula: 

CX CX,X. 
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wherein: 

Xi. X2. Xa and X4, like or different from one another, represent F, CI, Br. I, CF2OSO2F, SO2F, C(0)F, 
H. perhaloalkyl or oxyperhaloalkyl radicals containing trom 1 to 5 carbon atoms, 
30 X5 and Xe. like or different from each other, represent F or CFa, characterized In that a bls(fluo- 

rQxy)perfluoroa!kane of formula C(OFy^ is reacted, at a temperature ranging from -140'C to +60*C, 
with a halogenated olefin of fomiula 0X1X2=0X3X4. X„ X^. X3. X4. X5 and Xe being the same as defined 
hereinbefore. 

35 Z The process according to claim 1 , characterized in that the reaction is conducted by feeding to a reaction 
vessel containing a liquid phase consisting of the halogenated olefin, a bls(fIuoroxy)perfiuoroalkane 
stream, and by separating the reaction products on conduston of the reaction. 

3. The process according to claim 1 , characterized in that ttie reaction is conducted by simultaneaously feed- 
40 ing to a reaction vessel a halogenated olefin stream and a bis(fluoroxy)perfluoroalkane stream and by 

separating the reaction products on conclusion of the reaction. 

4. The process according to claim 2 or 3, characterized in that the reaction is conducted under conditions of 
continuous wiftdrawing a liquid phase portion, from which ttie reaction products are separated, the residual 

45 portion being recycled. 

5. The process according to one or more of claims 2 to 4, characterized In that a stream of the halogenated 
olefin in liquid or gas phase is fed to the reaction vessel. 

so 6. The process according- to one or more of the preceding claims, characterized in that bis(fiuo- 
roxy)perfiuoroalkane is diluted in an inert gas. 

7. The process according to claim 1. characterized in that a bis (fluoroxy)perfluoroalkane of fomnula 
C(OF)2X5X6 and a halogena ted olefin of formula 0X1X2=0X3X4 are condensed in the reaction vessel at a 
55 temperature not higher than -140«O. X^, X2. X3. X4, Xg and Xe being the same as defined hereinbefore; that 

said vessel is brought to a temperature ranging from -140 to +60'»C and Is maintained at said temperature 
for a time of from 1 hour to 24 hours, and that on conclusion of the reaction the reaction products are sepa- 
rated, on condition that at least one fifom among Xn, X2, X3 and X4 is F. 
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8. The process according to one or more of the preceding claims, characterized in that bisffluo- 
roxy)perfluoroaIlcane is bis(RuorQxy)dmuoromethane. 

9. The process according to one ormore of the preceding claims. chafBcfeiizad in thatthe halogenated olefin 
contains from 2 to e carbon atoms and in particular it is selected fiom th^ group consisting oft CFCI=CFa 
ScSk^JS;'"'''^''"^''* CFa=CF^F,^F. CF^^O)F. CF^CP: 

VVa^ according to one or more of the preceding claims, chara^^rized in that the reaction is con- 
10 ducted at a temperature ranging from -100'C to +30«C. 

11. The process according to one or more of claims 2 to 10. charactertzed ih that a sohrent selected fiom the 
group consBttng of straight and cyclic fluorocarbons. chlorofluorocarbons; perfluoroamines and peifluori- 
natedrthers is present in the reaction vessel. «iuHemuon. 

18 

1Z Halogenated 1.3<lioxolanes of fomiula (I) in which: X,. Xa. and X«.'fike or different fiom one another 
represent F. Q. Br. I. CFjOSO^F. SO^F. C(0)F. H. perhaloalkyi or oxyperhkloalkyi radicals containing from 
1 to 5 caibon atoms; Xs and X,. like or different from each other, are F or CF3: on condition that: 

onefrom among X,. X^. Xa. X, is Br. CFjOSOjF. SO^F. C(0)F. a perhaloalkyi or oxyperhaloal- 
20 iqrf radical containing from 1 to 5 carbon atoms, and thatftirthermoie 

-when one fiom among X,. X^, X, and X* is CF,. at least one of tKe other three is dHfeient ftwn F.or 
As ano Ae are CPs, and 

-when one fiom among X,. Xa. Xgand X, Is Br or 1. the other three ire F. or at least one out ofX^and 

IS P, 

25 - 

13. Halogenated 1 .3<lioxdanes according to dalm 12. wherein at least two out of X,, X2, X3 and X» are F. 

14. Halogenated LS^Jioxolanes according to daim 12. wherein at least thr^ out ofX„X2,X3 and X» are F. 
so 15. Halogenated 1.3^1k»cdanes according to one or more of daims 12 to 14. wherein Xs and Xs are F. 
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wherein ; 

Xi, X2, X3 and X4, like or different from one another, represent F, CI, Br, I. CF2OSO2F, SOjF, C(0)F, 
H, perhaloalkyi or oxyperhatoalkyi radicals containing from 1 to 5 carhon atoms. 

X5 and Xe, like or different from each other, represent F or CF3. Said process is characterized in 
that a bis(fluoroxy)perfiuoroalkane is reacted, at a temperature ranging from -140X to +60**C, with a 
halogenated olefin. 

New 1,3-dioxoianes of fomnuia (I) belonging to the dass defined hereinbefore. 
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